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Introduction
Integral transforms (IT) have been the best-known methods to solve the differential and integral equations in recent years [1] [2] [3] [4] [5] [6] [7] [8] . Currently, the conventional IT of two types, e. g., Laplace transform (LT) [1, 4] and Sumudu transform (ST) [1, 3] , were widely used in solving the PDE arising from mathematical physics.
Recently, a new IT similar to the ST has been proposed in [1] . Some properties of the new IT were analyzed and the differential equation (DE) in the steady heat transfer (SHT) problem was solved based on the new IT. However, the properties of the new IT have not been comprehensively obtained and the new IT is only just used to solve the ODE. Thus, in this paper we first consummate the properties of the new IT and apply the new IT to solve three PDE, for example, linear diffusion equation (DE) and linear wave equation (WE) in semi-infinite domains.
A new IT
A new IT of the function ( )
provided that the IT operator exists for some θ, where R is the IT operator.
The properties adopted in this paper are presented as follows.
, then we have [1] :
where a and b are constants.
. Then we have:
where ( ) ( ) n l t is the derivative of l of order n with respect to t.
where the convolution of 1 ( ) l t and 2 ( ) l t is defined as [3] :
Proof.
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By exchanging integral order, we have:
Taking t u τ − =, we have:
Thus, we have from eq. (10) that:
and ( ) l t c = , where c is a constant. Then we have:
exists, then we have:
Proof. For 1 n = , taking the limit of 0 θ → on both sides of eq. (5), we have:
The term in the left of eq. (17) is:
Thus, we obtain from eq. (18) that:
where (1) L is the derivative of L of order one.
Proof.
[ ] where the unit step function is defined by [2] : 
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By interchanging the order of integration for eq. (31) we can obtain: 
Consequently,
where a is a constant.
Solving a class of the PDE in semi-infinite domains
At first, we consider the linear DE in the semi-infinite domain [2, 9] :
where k is the diffusivity. The initial-boundary value conditions (IBVC) are:
where b is a constant. By taking the new IT of eq. (36) and the IBVC with respect to t we present in the form:
subject to the initial value:
In view of eq. (38), we obtain its general solution in the following form:
where 1 C and 2 C are the constants to be determined. Since ( , ) x t σ ϑ is bounded, we easily yield:
Evidently, eq. (40) becomes:
It follows from eq. (39) that:
Substituting eq. (43) into eq. (42), we obtain:
Application of the inverse transform of the new IT for eq. (44) gives:
Thus, the analytical solution of eq. (36) in the semi-infinite domain is:
Equation (46) is in line with the result by the LT, see, e. g., [2] . As the second example, let us consider the linear WE in the semi-infinite domain [10] :
where a is the wave speed, and g is a constant. The IBVC are presented: 
